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Abstract

We retrospectively analyzed the epidemiological characteristics of cancer patients

with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and

their correlations with publicly available mobility data. Between 19 October

2020 and 28 February 2021, 4754 patient visits were carried out, and 1454

treatments have been applied at the Haemato-Oncology Day Hospital Merano.

Additional measures to prevent local SARS-CoV-2 transmission included a spe-

cific questionnaire for coronavirus disease 2019 (COVID-19) symptoms as well

as a SARS-CoV-2 real-time polymerase-chain reaction (RT-PCR) 2 days prior to

any intravenous or subcutaneous therapy. Community mobility was assessed

through publicly available mobile phone tracking data from Google; 106/719

(14.7%) cancer patients have been tested positive for SARS-CoV-2 by PCR dur-

ing the second wave compared to 5/640 (0.8%) within the first wave (P < .001);

66/106 (62%) had solid tumors, and 40/106 (38%) had hematological malignan-

cies; 90/106 (85%) patients received ongoing antitumor therapies. Mortality rate

of COVID-19 positive cancer patients (7/106; 6.6%) was higher compared to the

overall population (731/46 421; 1.6%; P < .001). Strict control measures at our

department led to a significantly lower test positivity rate compared to the gen-

eral population, resulting in a reduction of 58.5% of new SARS-CoV-2 cases.

Over time, infection rates and community mobility correlated in the first and

second wave after initiating and lifting restrictions. Our findings underscore the

importance of strict preventive control measures including testing and contact

tracing in vulnerable subpopulations such as cancer patients, particularly if social

restriction policies are being lifted. Smartphone-based mobility data may help to

guide policy makers to prevent a vulnerable population like cancer patients from

virus transmission.
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What's new?

Patients with cancer constitute a vulnerable population to severe COVID-19 disease, and the

effects of social restrictions on this risk group remain unclear. Here, despite maintenance of

strict local mitigation strategies including testing, the authors report a >20-fold increase in the

number of confirmed SARS-CoV-2-positive cancer patients in an outpatient department during

the second wave compared to the first wave. Early relaxation of movement restrictions was

associated with SARS-CoV-2 spread in cancer patients, even though to a lower extent than in

the general population. The findings highlight the importance of strict preventive control

measures and testing strategies in cancer patients.

1 | INTRODUCTION

The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

is a single-stranded RNA virus, characterized by human-to-human

transmission that causes the coronavirus disease 2019 (COVID-19).1

The COVID-19 outbreak, declared a pandemic on 11 March 2020 by

the World Health Organization (WHO), has resulted in more than

129 million confirmed cases and over 2.8 million deaths all over the

world by 31March 2021.2 Northern Italy, one of the epicenters during

the first COVID-19 wave, was affected early and severely before

spreading SARS-CoV-2 across surrounding regions. As a conse-

quence, the Italian government implemented a nationwide strict lock-

down in March 2020 to contain the spread of the epidemic.3

Restrictions on mobility, closure of school, university and nonessen-

tial workplaces and a national stay-at-home order in conjunction with

proactive testing and contact tracing have emerged drastically, lead-

ing to a reduction of the growth rate of confirmed cases and deaths.

In early May, as the incidence of cases declined after more than

2 months of nationwide lockdown measures, Italy lifted restrictions

cautiously in phases followed by the complete re-opening implemented

on 3 June 2020.4 Despite the acute situation in spring 2020, the

COVID-19 epidemic was largely mitigated during the summer.5 How-

ever, as other countries, Italy experienced a resurgence of COVID-19 in

autumn with a rise in daily infections. As a consequence, the Italian

government has enacted again decrees that gradually introduced con-

tainment measures to reduce the pandemic.

During the second wave of the pandemic, several countries reso-

rted to targeted measures, in an attempt to protect the health care

system from being overwhelmed while preserving the economy as

much as possible. The Italian government enforced a zone system on

3 November 2020, entailing different levels of restriction based on

the severity of the epidemic in each region.6 South Tyrol is a province

(autonomous province of Bolzano) in northern Italy with a total

population of more than 530 000 inhabitants as of 2019. As of

28 February 2021, a total of 53 804 SARS-CoV-2 cases and 1031

COVID-19-associated deaths were reported in South Tyrol.2 Based

on South Tyrol's autonomy, the province may exercise varying

degrees of self-government. Therefore, the local authorities decided

for less stringent restrictions than those recommended at national

level during the second COVID-19 pandemic wave.

Mobile phone data can provide relevant information about how

people move and how these patterns change or take effect after

implementation of mobility restrictions in a state of emergency such

as a pandemic.7 Recent studies have investigated the impact of human

mobility and control measures on the SARS-CoV-2 spread in different

countries.8-14 However, these effects may differ in particularly vulner-

able population groups such as cancer patients. Due to disease

and treatment-related immune deficiency, cancer patients who are

infected by SARS-CoV-2 may experience more difficult outcomes

than other nonvulnerable populations.15 There is still no information

available on the effects of large-scale social restrictions policy on

COVID-19 epidemic in cancer patients, and the impact of less severe

measures remains unclear. The aim of our study is to investigate the

region-specific spread of COVID-19 in South Tyrol during the second

epidemic wave after local restrictions were relaxed and its impact on

cancer patients.

2 | MATERIALS AND METHODS

2.1 | Patient cohort

All patients treated at the outpatient department of the “Franz
Tappeiner” Hospital Merano between 19 October 2020 and

28 February 2021 were included in our retrospective study. Specific

infection prevention and control measures were maintained by the

hospital as well as our outpatient clinic as described previously.16,17 In

addition, the healthcare team was separated by Home Office to

reduce the risk of infection, and medical care was provided by tele-

medicine on a case-by-case basis. Testing for SARS-CoV-2 RNA

2 days prior to any intravenous or subcutaneous (i.v./s.c.) treatment

was performed using a real-time polymerase-chain reaction (RT-PCR)

on respiratory samples obtained from nasopharyngeal swabs. Test

results were required before patients entered our department, and

treatment was deferred for all patients with positive tests until they

had been tested negative. Our approach was to recognize symptom-

atic as well as asymptomatic SARS-CoV-2 infection in patients before

entering our outpatient clinic, to protect both patients and healthcare

workers. These additional local preventive measures facilitated

our continued provision of oncological treatment throughout the
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pandemic. The reported, daily RT-PCR-confirmed SARS-CoV-2 cases,

COVID-19-related mortalities as well as number of hospitalized

patients during the observation period were acquired from the Italian

Civil Protection Department.2

2.2 | Local mobility restrictions

Since October 2020, the Italian Government has started to implement

a series of travel restrictions and lockdown policies at the national

level, which was then followed by a second Italian lockdown on

3 November 2020.6 In particular, the Italian government tightened

the coronavirus rules over the festive season including New Year and

Epiphany. Travel between the regions was only allowed for work,

health, and emergency reasons with the need to hold a completed

self-certification.

Despite national restrictions, in response to the decrease of

the number of daily new cases in South Tyrol, a series of local

lifting policies were announced by the local government.

On 30 November, the provincial government of the Autonomous

Province of Bolzano announced to reopen commercial activities as

well as intermediate schools.18 In addition, from 4 December until

23 December, bars and restaurants were allowed to open between

5 AM until 6 PM daily, and hotels and other guest accommoda-

tion reopened in compliance with the distancing rules. From

7 December, trading activity in public areas in the form of markets

was allowed.19 On 21 December, the coronavirus rules over the

festive season have been relaxed again, and traveling during the

day within the region South Tyrol was not limited over Christmas,

New Year and Epiphany.20 Furthermore, bars and restaurants

reopened on 7 January 2021.21 However, general rules on physical

spacing, wearing of face masks, social distancing and hygiene were

recommended throughout the observation period.

2.3 | Mobility data

Considering the different lockdown policies of the Italian government

and the autonomous province of Bolzano, we examined the relation-

ship of temporal variation of SARS-CoV-2 rates, policy implementa-

tion and mobility levels in South Tyrol during the second wave

(19 October 2020 to 28 February 2021). We used open access

cellphone mobility data for the autonomous province of Bolzano,

since they show movement trends across different categories of

places to a reference period before the implementation of any

measures.22 The data show how visits to places, such as residential,

workplaces or groceries and pharmacy, change compared to a pre-

pandemic baseline value for that day of the week. The baseline was

defined as the median value, for the corresponding day of the week,

during the 5-week period 3 January until 6 February 2020. Average

mobility was taken as the average reduction in mobility across the five

Google mobility categories (retail and recreation, grocery and phar-

macy, parks, transit stations and workplace).

2.4 | Statistical analyses

Independence of categorical variables was tested using the

chi-square and Fisher's exact tests as appropriate. Means of

continuous variables were compared using the Mann-Whitney

U test. Correlations between mobility and infection/hospitalization

rates as well as fatalities per week were evaluated using Spearman's

rho, where a |r| > .7 was interpreted as strong correlation, .5 < |r| ≤ .7

as medium correlation and .3 < |r| ≤ .5 as weak correlation. Each

processed Google category was analyzed independently. Test posi-

tivity rates were calculated as the ratio between positive tests and

performed tests. The estimated number of SARS-CoV-2 positive

cancer patients was calculated by the test positivity rate in the

general population multiplied by the number of performed tests at

our department. Due to the hypothesis-generating design of the

study, no correction for multiple testing was applied.23 Statistical

analysis was performed using GraphPad Prism 9 (La Jolla, CA) as

well as R 4.0.1 (The R Foundation for Statistical Computing,

Vienna, Austria) and RStudio 1.3.1056 (Boston, MA) using the

package “corrplot” (v0.84).

3 | RESULTS

3.1 | Demographic characteristics and clinical
outcomes in SARS-CoV-2 infected cancer patients

Demographic and clinical characteristics of cancer patients

tested positive for SARS-CoV-2 are summarized in Table 1. From

19 October 2020 to 28 February 2021, 719 consecutive cancer

patients treated at our hemato-oncological outpatient depart-

ment were included in our retrospective study; 4754 patient

visits were carried out, and 1454 treatments have been applied

intravenously or subcutaneously. During the observation period,

106 cancer patients with RT-PCR-confirmed SARS-CoV-2 infec-

tion were detected. Based on the history of a cancer diagnosis,

patients have been categorized into two groups with hematolog-

ical malignancies and solid tumors. Median age for SARS-CoV-2

positive patients with malignant hematologic disorders (N = 40)

was 62 years (range: 31-88), and for SARS-CoV-2 positive

patients with solid tumors (N = 66) was 67 years (range: 28-85),

respectively.

Ninety out of 106 (85.0%) SARS-CoV-2 positive patients

received active anticancer treatment. Among those patients not

receiving active treatment, 5/66 (7.6%) oncological patients were

cancer survivors in routine follow-up, whereas 1/66 (1.5%) patients

received best supportive care (BSC). In the subgroup of patients

with hematological malignancies, routine follow-up was performed

in 2/40 (5.0%) patients, whereas 8/40 (20%) patients were treated

with BSC. Among all positive patients, SARS-CoV-2 infection was

community-acquired while no in-hospital infection was observed

according to contact tracing procedures, which were performed by

local authorities.
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3.2 | Significant increase of SARS-CoV-2 infections
in cancer patients during the second COVID-19
pandemic wave

Compared to the first wave, we observed a significant increase

of SARS-CoV-2 infections within our outpatient department

(Figure 1). During the first wave between 15 March and 30 June

2020 (peaked on 12 April 2020), 5/640 (0.8%) cancer patients

have been tested positive for SARS-CoV-2 by RT-PCR compared

to 106/719 (14.7%) cases during the second wave (from

19 October 2020 to 28 February 2021; peaked on 13 November

2020), respectively (P < .001, Fisher's exact test). Therefore, the

overall infection rate within our department was ~20 times higher

during the second wave. Considering the second COVID-19 pan-

demic wave, 82/106 (77.4%) patients reported mild symptoms or

were asymptomatic, whereas 20/106 (18.9%) were hospitalized

and 4/106 (3.7%) were admitted to intensive care units (ICUs;

Table 1). The median in-hospital stay was 25 days (range: 8-31) for

patients with solid tumors, and 29 days (range: 16-49) for patients

with hematological malignancies, respectively. The median time to

SARS-CoV-2 negative RT-PCR from nasopharyngeal swab was

TABLE 1 Characteristics and clinical outcomes in SARS-CoV-2
infected cancer patients (N = 106) during the second COVID-19
pandemic wave

Solid tumors
(N = 66)

Hematological

malignancies
(N = 40)

Demographics

Median age, years

(range)

67 (28-85) 62 (31-88)

Male, no. of patients (%) 31 (46.9%) 25 (62.5%)

Baseline clinical characteristics

Current smoker 19 (28.8%) 7 (17.5%)

Comorbidity

Cardiovascular disease 20 (30.3%) 16 (40.0%)

Endocrine disorders 17 (25.8%) 11 (27.5%)

Chronic renal failure 4 (6.1%) 5 (12.5%)

Chronic lung disease 7 (10.6%) 2 (5.0%)

Obesity (BMI ≥ 30) 9 (13.6%) 4 (10.0%)

No comorbidity 9 (13.6%) 2 (5.0%)

Cancer diagnosis

Breast cancer 18 (27.3%)

Lung cancer 11 (16.7%)

Colorectal cancer 9 (13.6%)

Renal cancer 6 (9.1%)

Prostate cancer 6 (9.1%)

Ovarian cancer 4 (6.1%)

Melanoma 2 (3.0%)

Gastric cancer 2 (3.0%)

Pancreatic cancer 2 (3.0%)

Mesothelioma 1 (1.5%)

Biliary tract cancer 1 (1.5%)

Cancer of unknown

primary

1 (1.5%)

Bladder cancer 1 (1.5%)

Appendix cancer 1 (1.5%)

Brain cancer 1 (1.5%)

Indolent lymphoma 14 (35.0%)

Chronic

myeloproliferative

disease

12 (30.0%)

Aggressive lymphoma 5 (12.5%)

Multiple myeloma 5 (12.5%)

Myelodysplastic

syndrome

2 (5.0%)

Hodgkin lymphoma 2 (5.0%)

Cancer treatment

Chemotherapy 13 (19.7%) 14 (35.0%)

Chemoimmunotherapy 9 (13.6%) 1 (2.5%)

Immunotherapy 20 (30.3%) 7 (17.5%)

Targeted therapy 12 (18.2%) 8 (20.0%)

TABLE 1 (Continued)

Solid tumors
(N = 66)

Hematological

malignancies
(N = 40)

Antihormonal therapy 5 (7.6%) —

Follow-up 5 (7.6%) 2 (5.0%)

Best supportive care 1 (1.5%) 8 (20.0%)

Radiotherapy 1 (1.5%) —

COVID-19 disease

SARS-CoV-2 transmission

Outside hospital 66 (100%) 40 (100%)

COVID-19 disease course

COVID-19 home care 53 (80.3%) 29 (72.5%)

COVID-19 ward 12 (18.2%) 8 (20.0%)

ICU 1 (1.5%) 3 (7.5%)

Median hospitalized

days (range)

25 (8–31) 29 (16–49)

Median days to

negative SARS-

CoV-2 PCR (range)

18.5 (7-64) 21.5 (8-63)

Clinical outcome

Recovered from

COVID-19

62 (93.9%) 37 (92.5%)

COVID-19-related death 4 (6.1%) 3 (7.5%)

Abbreviations: BMI, body mass index; COVID-19, coronavirus disease

2019; ICU, intensive care unit; SARS-CoV-2, severe acute respiratory

syndrome coronavirus 2.
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18.5 days (range: 7-64) for patients with solid tumors, and 21.5 days

(range: 8-63) for patients with hematological malignancies,

respectively. Overall, 7/106 (6.6%) patients died (four with solid

tumors and three with hematological malignancies) due to

COVID-19, resulting in a significantly higher lethality as compared

to the general population (1.6%; 731/46 421; P < .001, chi-square

test) in South Tyrol.

3.3 | Early relaxation of movement restrictions is
associated with a significant increase of SARS-CoV-2
infection rates

In November 2020, the province of South Tyrol experienced a surge

of daily notification rates for SARS-CoV-2 cases with a 7-day moving

average of 103.4/100 000 inhabitants, prompting local authorities to

implement a large-scale screening campaign based on rapid antigen

diagnostic tests for SARS-CoV-2.24 However, after the 7-day average

of daily notification rates significantly dropped to 31.5/100 000, local

authorities decided to lift restrictions gradually before Christmas

holidays. Of note, as pointed out in the patients and methods section,

we only used RT-PCR-confirmed SARS-CoV-2 cases for our analyses.

Although a decrease in mobility could also be observed in the

second wave, mobility measures declined to a much lesser extent as

compared to the first wave. Figure 2 shows the week-specific mobility

trend during the first (Figure 2A) and second (Figure 2B) waves for the

mean value of the five categories retail and recreation, grocery and

pharmacy, parks, transit stations and workplace with respect to a

baseline, which is defined as the median value for the corresponding

day of the week, during the pre-pandemic 5-week period from

3 January until 6 February 2020. We found a temporal variation

in mobility across all five categories during the second wave, with

the median mobility reached its minimum in the week starting on

16 November 2020, with a reduction of �47.7% (mean of all catego-

ries) from baseline. Shortly thereafter, mobility recovered with an esti-

mated reduction in mobility in the week starting on 14 December

2020 reaching �27.8% from baseline. Of note, we observed a consid-

erable increase in weekly case numbers of SARS-CoV-2 infections,
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with a lag time of few weeks during the second wave, after two differ-

ent points in time when the provincial government announced to

reopen commercial activity (30 November 2020) and further ease-

ment of restrictions over the holiday season (21 December 2020; dot-

ted vertical lines; Figure 2B).

More specifically, Figure 3 shows Spearman correlation coeffi-

cients between weekly epidemiological and mobility parameters for

both pandemic waves. Overall, changes in mobility parameters signifi-

cantly correlated with new SARS-CoV-2 cases/week, hospital admis-

sions (both non-ICU and ICU wards) and deaths associated with

COVID-19 in the general population. In both pandemic waves, a

decrease in mobility was significantly associated with still increasing

numbers of infections, admissions including ICUs and deaths in the

same week where mobility changes took place (“week 0”), albeit at a
lesser extent in the second wave (first wave: |r| = .82-98; second

wave: |r| = .43-.83). However, cases, admissions and deaths were pos-

itively correlated with mobility parameters that changed in the pre-

ceding 4 to 5 weeks (“week �4/week �5”) in the second pandemic

wave (|r| = .44-.62, P < .05), suggesting a latency of up to 5 weeks

between changes in mobility restrictions and alterations in epidemio-

logical parameters.

3.4 | Effectiveness of additional local interventions
on SARS-CoV-2 transmission in cancer patients

Figure 4A shows the positivity rates of SARS-CoV-2 PCR tests per

week from our outpatient department compared to the general

population in South Tyrol, with significant differences in 7/19 weeks

(P-values as given in Figure 4A, chi-square test). Our findings demon-

strate that the test positivity rate in the general population as well as
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our cancer patients continued to decline (remain comparable) over the

given period. The disconnection to the rise in infection rates in the

same period (Figure 4B) appears to be driven by a significant increase

in testing over time. As most of that screening involved people who

had no exposure or symptoms, numerous negative results were gener-

ated, possibly explaining that the positivity rates may stay relatively flat

or decrease even as infection rates and case counts climbed. Of note,

an estimated number of 62 SARS-CoV-2 cases were prevented at out

outpatient department within the first 14 weeks of the 19-week obser-

vation period. In total, this means a reduction of 58.5% (62/106) of

cases, which can be attributed to additional specific precautions and

continued patient education against COVID-19 at our department.

4 | DISCUSSION

In light of the ongoing global COVID-19 pandemic, there is a growing

body of evidence regarding the clinical and epidemiological characteris-

tics of SARS-CoV-2 infected patients. However, patients with cancer

constitute a vulnerable population at higher risk of contracting severe

COVID-19 disease, and data from the second pandemic wave are still

limited for this risk group.25-27 Our findings demonstrate that despite

maintenance of strict local mitigation strategies, compared to the first

wave, we observed a >20-fold increase in the number of confirmed

SARS-CoV-2 positive cancer patients at our outpatient department

during the second wave. Local easement of restrictions, and in particu-

lar relaxation of mobility, probably helped accelerated transmission of

coronavirus in the general population, although the impact was much

lesser within our clinic due to strict targeted containment measures.

Since the onset of COVID-19, a surge of interest has been noted in

the use of cellphone mobility data to map epidemiologically relevant

population movement, as mobile phone data can be collected in near

real time from broad levels of the population and seems to be a reliable

source of information.28-31 Several studies have shown that mobility

correlates with SARS-CoV-2 in terms of transmissibility, reproduction

number or infection rate in different countries.8-14 As these rapidly

available data can also help to better understand the effect of move-

ment restrictions or their ease and can be used to identify new hotspots

for community transmission, mobility reports provide a useful tool for

authorities for timing and modification of social distancing measures. In

addition, modeling studies have already pointed out that resuming eco-

nomic activities and social life is likely to lead to a resurgence of

COVID-19.11,32,33 However, while these studies examined the reduction

of SARS-CoV-2 infections in the general population, available data on

the effects in cancer patients are limited. Furthermore, the majority of

studies analyzed the variation in human mobility after implementation

of social distancing measures and its impact on transmission, while data

on the effect of post-relaxation mobility on SARS-CoV-2 are limited.

Vinceti et al described the effect of two successive lockdowns

with different intensity in Northern Italy.34 They found that mobility

restriction inversely correlated with the daily number of newly diag-

nosed SARS-CoV-2 cases only after the second, more rigid lockdown.

Similar to the study by Badr et al35 who reported a lag time of 11 days

since the beginning of social distancing to the onset of COVID-19

case growth reduction, they noted a peak in new cases occurring

about 14 to 18 days after the implementation of tight measures. In

contrast, less stringent measures led to an insufficient reduction in

mobility without affecting the infection curve.

To the best of our knowledge, this is the first report to take into

account the effect of changes in mobility and its impact on SARS-

CoV-2 infections in cancer patients after interventions have been

relaxed. Compared to the first COVID-19 pandemic wave, when Italy

imposed a national lockdown, we observed a significant increase of

SARS-CoV-2 infections in South Tyrol during the second wave, after

the provincial government enacted less strict restrictions and early

relaxation of interventions. To obtain a quantitative estimate of the

infection patterns for the general population compared to cancer

patients, while taking into account the reinforced test strategy, we

also compared the positivity rate of both subgroups. Despite a more

aggressive testing strategy at our department, the number of con-

firmed SARS-CoV-2 positive cases was significantly lower throughout

the second pandemic wave compared to the general population. Our

results indicate that adherence to strict preventive measures can

reduce the risk of potential additional infection rates in specific risk

groups like cancer patients, if social-distancing interventions are being

lifted.

In a recent comparative analysis including nine countries and

regions from Europe and the Asia Pacific region, Han et al presented

important lessons that can be learnt about the complex and challenging

task of easing COVID-19 restrictions.36 Among others, they pointed out

the importance of protecting most vulnerable populations to reopen

safely. Therefore, despite strict adherence to measures to prevent and

control transmission, a resurgence of infection is likely when restrictions

are lifted prematurely, particularly if additional risk factors such as the

spread of more contagious virus variants occur. As treatment delay in

oncological patients may have a potential negative effect on the

outcome,37 close monitoring and continuation of mitigation strategies

are necessary to reduce the risk for SARS-CoV-2 infection in cancer

patients exposed to a hospital environment considered at risk for trans-

mission. Thus, policy makers should also take into account additional

localized and temporal preventive efforts, which result in lower number

of infection rates in these vulnerable subpopulations. Under the pres-

sure of the reopening of economic activities, more detailed studies are

needed to assess targeted implementation of mobility restrictions for

specific risk groups such as patients with cancer.

Another important issue related to lockdown and mobility

restrictions might be their effects on physical activity and mental

health support. Several studies have reported a positive influence of

physical activity and exercise on the reduction of recurrence and

mortality in cancer patients as well as a favorable impact on cancer-

and treatment-related side effects.38 As the pandemic increased the

unhealthy behaviors in the population, maintenance and adherence

to an active lifestyle are crucial. In order to optimize daily physical

activity and reach as many patients, the use of personalized

telehealth tools may be helpful.39 In addition, COVID-19 amplifies

the health risks of hot weather particularly in people with underlying
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medical conditions.40 Therefore, authorities and communities should

be prepared for hot weather and heat waves to reduce heat-related

illness.

Important limitations of our study include the retrospective study

design within a single institution as well as not considering here the

potential impact to infection rates due to population-based interventions

including social distancing and personal protective equipment that may

also lead to a reduction of the transmissibility. In addition, mobile phone

data may not be generalizable and applicable to the overall population,

as some demographic groups like children or elderly may be under-repre-

sented.31 Furthermore, as noticed in other countries, emergence of novel

SARS-CoV-2 variants, which is a natural event due to mutations in the

RNA virus genome, was also detected in South Tyrol. The new variants,

which have rapidly become dominant in United Kingdom (B.1.1.7;

also known as 501Y.V1/VOC-202012/01), South Africa (501Y.V2/

B.1.351/20H) or Brazil (P.1/B1.1.28.1/20J/501YV3), have aroused con-

cern in different countries through their effects on virus transmissibility,

disease severity, reinfection rates and the effectiveness of vaccines.41 As

on 28 February 2021, we could detect four mutant strains of SARS-

CoV-2 (three B.1.1.7 variants and one 501Y.V2 variant) within our

patient cohort. Further genomic surveillance is necessary to clarify if

spread of these variants in cancer patients may lead to greater hospitali-

zations and mortality.

In conclusion, our findings underscore the importance of

maintaining additional strict preventive control measures as well as

testing and contact tracing in vulnerable subpopulations such as can-

cer patients, particularly if social restriction policies are being lifted.

Considering the uncertainty about the impact of new virus variants as

well as the probability that COVID-19 will further persist or become a

recurrent seasonal disease, strategies to modify protection of at-risk

individuals are an urgent need. Further studies may evaluate the

effect of these measures to reduce morbidity and mortality in cancer

patients during COVID-19 pandemic.

ACKNOWLEDGMENTS

The authors thank all the staffs of the Outpatient Clinic for their

efforts and dedication to the study and acknowledge all the partici-

pants whose contributions made our study possible. This work has

been supported by the budget of the Südtiroler Sanitätsbetrieb.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT

The datasets used and analyzed during our study are available from

the corresponding author on reasonable request.

ETHICS STATEMENT

The study was approved by the local ethics committee of the

“Südtiroler Sanitätsbetrieb” (amended protocol number 35-2020) and

was performed in accordance with national regulations and the Decla-

ration of Helsinki and all its amendments. Informed consent was

obtained from all individual participants included in the study.

ORCID

Dominic Fong https://orcid.org/0000-0002-5230-7173

Maximilian J. Mair https://orcid.org/0000-0002-6537-3874

REFERENCES

1. Chan JF, Yuan S, Kok KH, et al. A familial cluster of pneumonia associ-

ated with the 2019 novel coronavirus indicating person-to-person

transmission: a study of a family cluster. Lancet. 2020;395:514-523.

2. Italian Civil Protection Department. Coronavirus Emergency: The

National response n.d. https://github.com/pcm-dpc/COVID-19.

Accessed March 31, 2021.

3. Decree of the Prime Minister (DPCM) of March 3, 2020. Ulteriori dis-

posizioni attuative del decreto-legge 23 febbraio 2020, n. 6, recante

misure urgenti in materia di contenimento e gestione dell'emergenza

epidemiologica da COVID-19, applicabili sull'intero n.d. https://www.

gazzettaufficiale.it/eli/id/2020/03/09/20A01558/sg. Accessed April

6, 2021.

4. Decree of the Prime Minister (DPCM) of May 17, 2020. Disposizioni

attuative del decreto-legge 25 marzo 2020, n. 19, recante misure

urgenti per fronteggiare l'emergenza epidemiologica da COVID-19, e

del decreto-legge 16 maggio 2020, n. 33, recante ulteriori n.d.

https://www.gazzettaufficiale.it/eli/id/2020/03/09/20A01558/sg.

Accessed April 6, 2021.

5. De Natale G, De Natale L, Troise C, et al. The evolution of Covid-19

in Italy after the spring of 2020: an unpredicted summer respite

followed by a second wave. Int J Environ Res Public Health. 2020;17:

8708.

6. Decree of the Prime Minister (DPCM) of November 3, 2020. Ulteriori

disposizioni attuative del decreto-legge 25 marzo 2020, n. 19, conver-

tito, con modificazioni, dalla legge 25 maggio 2020, n. 35, recante

«Misure urgenti per fronteggiare l'emergenza epidemiologica da

COVID-19», e del decreto-legge 16 maggio 2020, n. 33, convertito,

con modificazioni, dalla legge 14 luglio 2020, n. 74, recante «Ulteriori
misure urgenti per fronteggiare l'emergenza epidemiologica da COVID-

19». (20A06109). Available online: https://www.gazzettaufficiale.it/eli/

id/2020/11/04/20A06109/sg. Accessed March 31, 2021.

7. Kishore N, Kiang MV, Engø-Monsen K, et al. Measuring mobility to

monitor travel and physical distancing interventions: a common

framework for mobile phone data analysis. Lancet Digit Health. 2020;

2:e622-e628.

8. Nouvellet P, Bhatia S, Cori A, et al. Reduction in mobility and COVID-19

transmission. Nat Commun. 2021;12:1090.

9. Cot C, Cacciapaglia G, Sannino F. Mining Google and Apple mobility

data: temporal anatomy for COVID-19 social distancing. Sci Rep.

2021;11:4150.

10. Khataee H, Scheuring I, Czirok A, Neufeld Z. Effects of social distanc-

ing on the spreading of COVID-19 inferred from mobile phone data.

Sci Rep. 2021;11:1661.

11. Noland RB. Mobility and the effective reproduction rate of COVID-

19. J Transp Health. 2021;20:101016.

12. McGrail DJ, Dai J, McAndrews KM, Kalluri R. Enacting national social

distancing policies corresponds with dramatic reduction in COVID19

infection rates. PLoS One. 2020;15:e0236619.

13. Kraemer MUG, Yang CH, Gutierrez B, et al. The effect of human

mobility and control measures on the COVID-19 epidemic in China.

Science. 2020;368:493-497.

14. Gao S, Rao J, Kang Y, et al. Association of mobile phone location data

indications of travel and stay-at-home mandates with COVID-19

infection rates in the US. JAMA Netw Open. 2020;3:e2020485.

15. Jazieh AR, Akbulut H, Curigliano G, et al. Impact of the COVID-19

pandemic on cancer care: a global collaborative study. JCO Glob

Oncol. 2020;6:1428-1438.

16. Fong D, Rauch S, Petter C, Haspinger E, Alber M, Mitterer M. Infec-

tion rate and clinical management of cancer patients during the

8 FONG ET AL.

https://orcid.org/0000-0002-5230-7173
https://orcid.org/0000-0002-5230-7173
https://orcid.org/0000-0002-6537-3874
https://orcid.org/0000-0002-6537-3874
https://github.com/pcm-dpc/COVID-19
https://www.gazzettaufficiale.it/eli/id/2020/03/09/20A01558/sg
https://www.gazzettaufficiale.it/eli/id/2020/03/09/20A01558/sg
https://www.gazzettaufficiale.it/eli/id/2020/03/09/20A01558/sg
https://www.gazzettaufficiale.it/eli/id/2020/11/04/20A06109/sg
https://www.gazzettaufficiale.it/eli/id/2020/11/04/20A06109/sg


COVID-19 pandemic: experience from a tertiary care hospital in

northern Italy. ESMO Open. 2020;5:e000810.

17. Fong D, San Nicolò KO, Alber M, Mitterer M. Evaluating the longitudi-

nal effectiveness of preventive measures against COVID-19 and sero-

prevalence of IgG antibodies to SARS-CoV-2 in cancer outpatients and

healthcare workers.Wien Klin Wochenschr. 2021;133:359-363.

18. Decree of the Governor of South Tyrol of November 27, 2020.

DRINGLICHKEITSMASSNAHME BEI GEFAHR IM VERZUG DES

LANDESHAUPTMANNES ORDINANZA PRESIDENZIALE CON-

TINGIBILE ED URGENTE Nr. 73/2020 vom November 27, 2020 n.d.

http://www.provinz.bz.it/bildung-sprache/weiterbildung/downloads/

547049_Dringlichkeitsmassnahme_Ordinanza_Nr73_27.11.2020.pdf.

Accessed March 31, 2021.

19. Decree of the Governor of South Tyrol of December 7, 2020.

DRINGLICHKEITSMASSNAHME DES LANDESHAUPTMANNES BEI

GEFAHR IM VERZUG ORDINANZA PRESIDENZIALE CON-

TINGIBILE ED URGENTE Nr. 75/2020 vom December 7, 2020 n.d.

https://www.handelskammer.bz.it/sites/default/files/uploaded_files/

Coronavirus/547895_Dringlichkeitsmassnahme_Ordinanza_Nr75_07.

12.2020.pdf. Accessed March 31, 2021.

20. Decree of the Governor of South Tyrol of December 21, 2020.

DRINGLICHKEITSMASSNAHME DES LANDESHAUPTMANNES BEI

GEFAHR IM VERZUG ORDINANZA PRESIDENZIALE CON-

TINGIBILE ED URGENTE Nr. 76/2020 vom December 21, 2020 n.d.

https://www.handelskammer.bz.it/sites/default/files/uploaded_files/

Coronavirus/549717_Dringlichkeitsmassnahme_Ordinanza_Nr76_21.

12.2020.pdf. Accessed March 31, 2021.

21. Decree of the Governor of South Tyrol of January 5, 2021.

DRINGLICHKEITSMASSNAHME DES LANDESHAUPTMANNES BEI

GEFAHR IM VERZUG ORDINANZA PRESIDENZIALE CON-

TINGIBILE ED URGENTE Nr. 1/2021 vom January 5, 2021 n.d.

https://www.handelskammer.bz.it/sites/default/files/uploaded_files/

Coronavirus/550867_Dringlichkeitsmassnahme_Ordinanza_Nr1_05.

01.2021.pdf. Accessed March 31, 2021.

22. Google Inc. Google Community Mobility Reports n.d. https://www.

google.com/covid19/mobility/. Accessed March 31, 2021.

23. Bender R, Lange S. Adjusting for multiple testing - when and how?

J Clin Epidemiol. 2001;54:343-349.

24. Riccò M, Ranzieri S, Marchesi F. Rapid antigen tests for large-scale

diagnostic campaigns: a case study from North-Eastern Italy. J Infect.

2021;82:e39-e40.

25. Venkatesulu BP, Chandrasekar VT, Girdhar P, et al. A systematic

review and meta-analysis of cancer patients affected by a novel coro-

navirus. JNCI Cancer Spectr. 2021;5(2): pkaa102.

26. Saini KS, Tagliamento M, Lambertini M, et al. Mortality in patients

with cancer and coronavirus disease 2019: a systematic review and

pooled analysis of 52 studies. Eur J Cancer. 2020;139:43-50.

27. Berghoff AS, Gansterer M, Bathke AC, et al. SARS-CoV-2 testing in

patients with cancer treated at a tertiary care hospital during the

COVID-19 pandemic. J Clin Oncol. 2020;38:3547-3554.

28. Szocska M, Pollner P, Schiszler I, et al. Countrywide population move-

ment monitoring using mobile devices generated (big) data during the

COVID-19 crisis. Sci Rep. 2021;11:5943.

29. Pepe E, Bajardi P, Gauvin L, et al. COVID-19 outbreak response, a

dataset to assess mobility changes in Italy following national lock-

down. Sci Data. 2020;7:230.

30. Yechezkel M, Weiss A, Rejwan I, Shahmoon E, Ben-Gal S, Yamin D.

Human mobility and poverty as key drivers of COVID-19 transmis-

sion and control. BMC Public Health. 2021;21:596.

31. Grantz KH, Meredith HR, Cummings DAT, et al. The use of mobile

phone data to inform analysis of COVID-19 pandemic epidemiology.

Nat Commun. 2020;11:4961.

32. Aleta A, Martín-Corral D, Piontti APY, et al. Modelling the impact of

testing, contact tracing and household quarantine on second waves

of COVID-19. Nat Hum Behav. 2020;4:964-971.

33. Marziano V, Guzzetta G, Rondinone BM, et al. Retrospective analysis

of the Italian exit strategy from COVID-19 lockdown. Proc Natl Acad

Sci. 2021;118:e2019617118.

34. Vinceti M, Filippini T, Rothman KJ, et al. Lockdown timing and effi-

cacy in controlling COVID-19 using mobile phone tracking.

EClinicalMedicine. 2020;25:100457.

35. Badr HS, Du H, Marshall M, Dong E, Squire MM, Gardner LM. Associ-

ation between mobility patterns and COVID-19 transmission in the

USA: a mathematical modelling study. Lancet Infect Dis. 2020;20:

1247-1254.

36. Han E, Tan MMJ, Turk E, et al. Lessons learnt from easing COVID-19

restrictions: an analysis of countries and regions in Asia Pacific and

Europe. Lancet. 2020;396:1525-1534.

37. Barranco R, Messina C, Bonsignore A, Cattrini C, Ventura F. Medical

liability in cancer care during COVID-19 pandemic: heroes or guilty?

Front Public Health. 2020;8:602988.

38. Natalucci V, Villarini M, Emili R, et al. Special attention to physical

activity in breast cancer patients during the first wave of COVID-19

pandemic in Italy: the DianaWeb cohort. J Pers Med. 2021;11(5):381.

https://doi.org/10.3390/jpm11050381

39. Pennell NA, Dicker AP, Tran C, Jim HSL, Schwartz DL, Stepanski EJ.

mHealth: mobile technologies to virtually bring the patient into an

oncology practice. Am Soc Clin Oncol Educ Book. 2017;37:144-154.

https://doi.org/10.1200/EDBK_176093

40. Bose-O'Reilly S, Daanen H, Deering K, et al. COVID-19 and heat

waves: new challenges for healthcare systems. Environ Res. 2021;198:

111153. https://doi.org/10.1016/j.envres.2021.111153

41. Grubaugh ND, Hodcroft EB, Fauver JR, Phelan AL, Cevik M. Public

health actions to control new SARS-CoV-2 variants. Cell. 2021;184:

1127-1132.

How to cite this article: Fong D, Mair MJ, Lanthaler F,

Alber M, Mitterer M. Mobility as a driver of severe acute

respiratory syndrome coronavirus 2 in cancer patients during

the second coronavirus disease 2019 pandemic wave. Int. J.

Cancer. 2021;1-9. doi:10.1002/ijc.33838

FONG ET AL. 9

http://www.provinz.bz.it/bildung-sprache/weiterbildung/downloads/547049_Dringlichkeitsmassnahme_Ordinanza_Nr73_27.11.2020.pdf
http://www.provinz.bz.it/bildung-sprache/weiterbildung/downloads/547049_Dringlichkeitsmassnahme_Ordinanza_Nr73_27.11.2020.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/547895_Dringlichkeitsmassnahme_Ordinanza_Nr75_07.12.2020.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/547895_Dringlichkeitsmassnahme_Ordinanza_Nr75_07.12.2020.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/547895_Dringlichkeitsmassnahme_Ordinanza_Nr75_07.12.2020.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/549717_Dringlichkeitsmassnahme_Ordinanza_Nr76_21.12.2020.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/549717_Dringlichkeitsmassnahme_Ordinanza_Nr76_21.12.2020.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/549717_Dringlichkeitsmassnahme_Ordinanza_Nr76_21.12.2020.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/550867_Dringlichkeitsmassnahme_Ordinanza_Nr1_05.01.2021.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/550867_Dringlichkeitsmassnahme_Ordinanza_Nr1_05.01.2021.pdf
https://www.handelskammer.bz.it/sites/default/files/uploaded_files/Coronavirus/550867_Dringlichkeitsmassnahme_Ordinanza_Nr1_05.01.2021.pdf
https://www.google.com/covid19/mobility/
https://www.google.com/covid19/mobility/
https://doi.org/10.3390/jpm11050381
https://doi.org/10.1200/EDBK_176093
https://doi.org/10.1016/j.envres.2021.111153
info:doi/10.1002/ijc.33838

	Mobility as a driver of severe acute respiratory syndrome coronavirus 2 in cancer patients during the second coronavirus di...
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Patient cohort
	2.2  Local mobility restrictions
	2.3  Mobility data
	2.4  Statistical analyses

	3  RESULTS
	3.1  Demographic characteristics and clinical outcomes in SARS-CoV-2 infected cancer patients
	3.2  Significant increase of SARS-CoV-2 infections in cancer patients during the second COVID-19 pandemic wave
	3.3  Early relaxation of movement restrictions is associated with a significant increase of SARS-CoV-2 infection rates
	3.4  Effectiveness of additional local interventions on SARS-CoV-2 transmission in cancer patients

	4  DISCUSSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTEREST
	  DATA AVAILABILITY STATEMENT

	  ETHICS STATEMENT
	REFERENCES


